After several cases ofoccupational asthma had been reported in a coffee processing factory in England, 197 coffee workers representing 80% of the production workforce were studied to determine the factors affecting the development ofwork related respiratory symptoms of wheeze, cough, and dyspnoea. Two computer administered questionnaires concerning the presence of respiratory symptoms and the occurrence of work related respiratory symptoms were used. Workers underwent skin prick testing to green coffee bean extract (GCB) and 11 common inhalant allergen extracts and bronchial provocation testing with methacholine. The presence of specific immunoglobulin E (IgE) antibodies to GCB and castor bean extract (CAB) were determined by a radioallergosorbent test (RAST). The prevalence of work related respiratory symptoms was 12-7%, bronchial hyperresponsiveness 30%, atopy 54%, positive GCB skin prick test 14-7%, positive GCB RAST 14%, and positive CAB RAST 14-7%. None of the workers was sensitised to fungi present in the factory and the numbers of certain species of fungi, despite being greater than may be found out of doors or in an uncontaminated indoor environment, were fewer than are generally associated with the presence of work related respiratory symptoms among agricultural workers. Storage mites were not isolated. Green coffee bean extract and CAB RAST were
significantly correlated using the McNemar test but there was limited allergenic cross reactivity in RAST inhibition studies ofthe two extracts. The only factors that were significantly and independently associated with work related symptoms were CAB RAST and duration of employment. Bronchial hyperresponsiveness was not independently associated with work related respiratory symptoms. The significant independent associations of bronchial hyperresponsiveness included GCB RAST, duration of employment, and resting forced expiratory volume in one second. Exposure to CAB, a highly potent antigen, may be overriding the effects of other factors such as GCB, atopy, bronchial hyperresponsiveness, and smoking. This study suggests that CAB contamination remains a potential problem in the coffee processing industry and all efforts to eliminate it from the working environment should continue.
Figley et al were the first to describe occupationally related symptoms in coffee process workers.' They concluded that the potent castor bean (CAB) antigen contaminating burlap bags used to ship green coffee beans (GCB) was responsible for a large proportion ofthe work related respiratory symptoms in the coffee industry. Several reports since have-shown that exposure to coffee bean dust can also cause work related respiratory symptoms.
Zuskin et al' compared respiratory symptoms and lung function in two groups of coffee workers employed in the processing of either roasted coffee or green coffee, with those in a control group matched for age, height, and smoking habits. In women, chronic respiratory symptoms were significantly more prevalent in the coffee workers than in the controls whereas in men, dyspnoea and nasal catarrh were significantly more frequent than in controls. The greatest difference, however, was seen in measurement of maximum expiratory flow rates at forced expiratory volume in one second (FEV,) and forced vital capacity (FVC) were less obvious, and Zuskin et al' suggested that coffee bean dust mostly affected the small airways, Karr et al' studied eight coffee workers and eight controls. Six workers had work related respiratory symptoms of asthma, rhinitis, conjunctivitis, urticaria and pruritus, and positive skin tests to GCB and factory dust antigens. The asymptomatic workers and eight controls were skin test negative. Also, sera from the six symptomatic workers had antibodies specific to GCB and CAB as indicated by radioallergosorbent tests (RAST) and the factory dust contained both GCB and CAB antigens. Radioallergosorbent test inhibition showed no cross reactivity between GCB and CAB.
Osterman et al4 showed a high prevalence of work related respiratory symptoms (40%) and skin test positivity to GCB and CAB (22%) in a cross sectional study of 129 workers. They noted that positive GCB RAST only occurred with a positive CAB RAST, suggesting an interrelation between sensitisation to the two agents. The same group5 made a limited survey of bronchial responsiveness in 22 symptomatic coffee workers of whom 14 had bronchial hyperresponsiveness but the prevalence of bronchial hyperresponsiveness and its relation with work related respiratory symptoms, coffee, and CAB sensitisation in a workforce have not been studied. Bronchial hyperresponsiveness after challenge with allergen6 and exposure to occupational agents such as western red cedar7 is well documented and the association between bronchial hyperresponsiveness, respiratory symptoms, and greater requirements for medication is well recognised. 8 The purpose of this study was to investigate the roles of airway hyperresponsiveness and antigens from airborne fungi, GCB, and CAB in the development of respiratory symptoms in the workforce of a coffee processing factory. Table 3 presents a summary of the prevalence of work related respiratory symptoms and positive tests among the exposed workforce.
Materials

WORK RELATED RESPIRATORY SYMPTOMS
Work related respiratory symptoms of wheeze, cough, or dyspnoea were reported by 12-7% of exposed subjects (n = 19). Fisher's exact and x2 tests (table 4) indicated that work related respiratory symptoms were associated with CAB RAST, duration of employment, and GCB skin test positivity. A larger percentage of workers from the GCB warehouse and of maintenance workers reported work related symptoms when compared with the control group but this did not reach statistical significance as two workers from the control group reported symptoms despite their supposed non-exposure to raw GCB dust. The association of work related symptoms with GCB RAST was ofborderline significance (X2 = 3 34, 1 df, p = 0067). When stepwise binary logistic regression was carried out using these variables, the only significant variables associated with work related respiratory symptoms were CAB RAST (p = 0-001) (fig 2) and duration of employment (p = 0 003) (table 5). Thus the association of work related respiratory symptoms with GCB exposure and atopy appear to be of secondary importance to CAB exposure and duration of employment. The relative risk of work related symptoms for subjects with positive CAB RAST was 4-44 (95% confidence interval (95% CI) 1-97-10-01).
RAST
In this study, CAB and GCB RAST were determined by reference to the range of results in the control group (extraction area). Values in excess of the mean + 2 -5 SD were designated positive (GCB > 1-06% binding, CAB > 1-29%). Because the distribution of both sets of RAST results was not normal or log normal, linear regression could not be performed. McNemar testing showed strong agreement between GCB and CAB RAST (p < 0001) (table 6). The associations of CAB and GCB RAST with other factors on x' testing were similar, but only CAB RAST was associated with work related respiratory symptoms (table 4) . The significant independent associations of CAB RAST positivity were GCB skin test (p < 0-001) and GCB RAST (p = 0 006); and for GCB RAST, the significant independent associations were GCB skin test (p < 0-001) and CAB RAST (p = 0-006) (table 5) . Subjects with work related respiratory symptoms were tested for specific IgE to fungal extracts; none were positive.
CROSS REACTIVITY BETWEEN COFFEE AND CASTOR BEAN EXTRACTS
RAST inhibition with CAB discs showed that at a 1:100 dilution of extracts, GCB extract did not inhibit, whereas the CAB extract gave 90% inhibition ( fig 3A) . With GCB discs, the GCB extract gave a dose dependent inhibition as expected, whereas the response to CAB extract showed an enhancement of binding at low concentrations, presumably due to non-specific binding to the disc and very limited inhibition at high concentrations ( fig 3B) .
ATOPY
The prevalence of atopy was 54 0%. Table 4 shows the significant associations. The factors independently associated with atopy were GCB RAST positivity (p = 0-005) and smoking (p = 0-005) (table 5) . Green coffeebean skintestpositivitywas significantly associated with work related respiratory symptoms, GCB and CAB RAST, bronchial hyperresponsiveness, atopy, and smoking (table 4) but CAB RAST positivity (p < 0-001) and GCB RAST (p = 0'003) were the only significant independent associations (table 5) .
BRONCHIAL HYPERRESPONSIVENESS
The prevalence of bronchial hyperresponsiveness was 30%. It was not significantly associated with work related respiratory symptoms, but x2 testing showed it to be associated with GCB and CAB RAST, GCB SPT, atopy, resting FEV,, and duration of employment (table 4) . The ' have shown that currently be difficult, however, to locate a group of this could be due to the ability of CAB to provoke a GCB exposed subjects who had not been exposed to long lived IgE response by alteration of normal T cell CAB in whom the independent effects of GCB function, perhaps explaining why CAB sensitisation exposure on work related respiratory symptoms and appears to override the effects of atopy, bronchial bronchial hyperresponsiveness could be studied.
hyperresponsiveness, smoking, and GCB sensitisa-
The prevalence of atopy (54%) was higher than tion in the development of work related respiratory expected in a general practice population but it did symptoms. The prevalence of bronchial hyper-not appear to be a predisposing factor for either GCB responsiveness in this group was slightly greater than or CAB sensitisation, again reflecting the overriding effect of the CAB antigen. Smoking was independently associated with atopy as has been shown 
